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Summary

deals with the effect of small

AIRFOILS

variations

specified by dif:?erentlaboratories for the same

foil section. This study’was made in conneoti.onwith a more gen-

in

air-

eral investigatioilof ‘theeffeot of s~~l irregularities of the

aixfoil surface oilthe a“erodynaniocharacteristics of an air-
,.

foil. The tests were conduoted in the Variable Density Wind

Tunnel of the National Advisory Oommittee for Aeronautics upon-

two models of the G8ttiil&en’

rics2 airfoil nodeis having

and the IJ.A.C.A.100.

387 aixfoil ‘sebtionaildtwo symmet-
,.

comparable shapes, the N.A,C.A. ‘0021

These tests show that small changes in airfoil oontours,

resulting from variations in the specified ordinates, have a

sufficiently large effect upon the airfoil characteristics to

justify the ‘takingof great oare in the specification of ordi-

nates for the oonstruotion of models.
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I nt r oduc t i o n

.
,.

It is well known that the ordina~es’specified by o“nelabor-

atory for a given wing sectio~ &y vary somewhat from those

specified by anothgr laboratory. Little direct information is

available to show just what effeot a ‘modificationof the prafile

ha,s,upon the aerodynami~ characteristics of an airfoil. A var-

iation in specified ordinates may be attributed to several

.

.-

causes. Unles3--exces,siveuare is used, an airfoil cannot be.co~-
,.,,, ,.-

structed exactly,as specified. The measured o~@ina.$esare USU- _.

ally published

from which the

are introduced

and will not, therefore, correspond t,othose

airfoil was made. Often deliberate small changes.. b
by refairing the original surface cuxyesor by,. -.

slight modificatj.onsof the profile. Also, it may be impossi- _. ‘_.-

ble to obtain exactly the original ordinates. ,
... =

The most common method used to detect the differences be-

tween airfoil profiles is to oompare the fairness of the curves

drawn through the ordinates plotted to enlarged scales. A,;... -—
superior,method,of judgii~g,fairness is to examine the curves

of the first and secoildderivatives of the profile. Artapproxi-

mate method of obtaining this is to take first and second dif-

ferences between the ordinates of equally spaced stations, ——

Since the radius of curvature of any curve

first and second derivatives, the fairness

second difference curves will indicate the

surface.

depe”ndsupofi”tho .

of the ~irnt mad

fairness of the

●.- —

.s .
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This report covers an investigation of the effect of small

“changesin airfoil contours resulting from variations in the

specified ordinates, and is published in connection with a more

general investigation on the aerodynamic effects of small irreg-

ularities of airfoil surfaces. Later reports will give the ef-

fects of fabric sag, abrupt breakg

by the presence of a plywood nose,
... ..... .,$

The present.inves.tigationwas

near the leading edge caused

and general surface roughness...,,,,...
made in the Variable Density

Wind Tunnel at the Langley Memorial Aeronautical.Laboratory on
,.,:

two airfoils of the G$~tingen 38’7section, and on two symmet-.... . ,..

r~cal airfoils having~,co~p~a~le shap:~a,namely, the ~.A.G.A. ,,,, .,.. ,,...,,. . ... .,... .-
0.021and t~e N..,A.C.A*F,lOO.The.G8t.tingenairfoils were con-,,...’. .,-,.‘.., .... . -,.!“;“:: . . .,”

strutted ~rom different sets of specified ordinates and are,},-,. . ...i.
desi~nated in this report as thp G8t,tingen387-G and the G8ttin-..,, ..,.i.‘, .. . ,, . .
gen,387, The two .pyrmjetricql,.modelswer,eincluded because the
.. .. ..” ... .,:
differences in ordinate; specifying the”+twosections approximate....

the,differences often encountered in specified ordinates for
. ,. .. . . ... .

the s~amesection. ...... ,.!.’ .,,,
,Apparatus and Tests:. ..:. . ... .. .,

,.” ‘iidescription of the VariAble Density Wind

.theke “testswere perf”orrmdiand adiscu~sion of

up”on’whichits operation is based, tie giwen in

.

Tunnel, in which

the principles

Reference 1.

This description, howe”ver;:ippliesto the tunnel in its original

form. Although fudal~eilt~llytinesame,flthepresent tunrkeldif-

fers from”the orig~&l”in the type’of”:en+rr.licecone and return
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passage, and in some ninor re~pects.

The airfoil models were all 5 by 30 i~ches; the two G~ttin-

,gen387”models were made of duralumin and the other two of mahog-

any. Usual foroe”tests were nade atan approximate Reynolds

Number of 3.4 X“lOS. ,.” ., -.

Results and Discussion

The geometric characteristics of the airfoils are illus-

trated by the profile plots. Fi~e 1 give~ the profil,e.of the .., ,.
G~ttingen 387-G, constructed $qom the G~ttingen laboratory ordi-

nates (Reference 2), oompared with the G~ttingen 387 profile, as

constructed from tQe ordinates given in the N.A.C.A. Technical

Report No. 124 (Reference 3].
●

The full profiles are plotted to

an enlarged vertj.calscale,whereas the nose and tail are plot- ●

ted to a large natural scale. The specified and measured ordi-

nates are given in Table 1. Measurements were made to an accu-.,:.,.. ., ..-
raoy of +0.QO05 inoh,,, ,. ,.

First and seoond differences were taken between the’measured
—

ordinates at each 5 per cent station for the two G&ttingen mod-

els. The results are plotted in Figure 2, and illustrate the

fairndss of the surfaces. The dottedourves represent the deriv-

atives of a f~ir suirfacefrom whioh;.by ~vorkingback, the ordi-

nates may be obtained,’ This has been done and the results given

in Table I under the l~eading”’llG~tti.ngen387 = Faired.~ Figure 3

ii a“plot simila.zto Figure 2, shotiingthe difference curves fox .

four sets of tipecifiedordinates fo2 the Ggttingen 387 (Refer- ●
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ences 2 to 5, inclusive), In this case, the differences were

taken for each 10 per cent station.

A comparison between theaerodynamic characteristics of the

two airfoils is given in Figures 4 and 5. Figure 4 gives the

.lift and drag coefficients, L/D ratio, and center of pressure,

plotted against the angle of attack, for a wing of aspeGt ratio

6 in free air. Figure 5 gives plots of the profile drag coeffi-
.

cient, angle of attack, and moment coefficient about the quarter

chord, against the lift coefficient, for a wing of infinite as-

pect ratio. These curves show the G&ttingen 387-G to have 4.5

per cent lower maximum lift, 8.O”per cent lower minimum profil’e’

dxag, and 3.5 per cent higher maximum L/D, th&. the G~ttingen

387* There is little difference in the moment or center of

pressure characteristics for the two seotions. The accuracy of

the results is indicated by the oheck points shown on the ourve

sheets.

Similar plots of the geometric and aerodynamic characteris-

tics of the N.A.C,A. 0021 and the N.A.C.A. 100 are given in Fig-

ures 6 to 9, inclusive. These curves show the K.A.C.A. 0021 to

have .9.4per cent higher maximum lift, the same minimum profile

drag, and 2.3 per cent higher maximum L/D, then the N.A.C.A.

100,9
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Conclusions

Small changes in airfoil contours resulting from variations

in the specified ordinates have a sufficiently large effect upon

the.airfoil characteristics to justify the taking of great cae

in the specification of ordinates for.the construction of models.
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Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aej&autics, ,
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TABLE I. Oxdinates of Airfoil Sections . .

(All dililensio~lsgi?reni,nper cent of.ghord)

leading
edge

T
1-1/4
2-1/2
5
7-1/2

G~,tt”i.ngen 387 ,.,,
ucasure~. I

,-
specified ~

‘upper ,.

;.;: “

9188
11.30
12.38 .
3.3.82

, 14.78 i
L5.24 J
15.38
15.26 ;
14.!38
14.28 ,

‘ 13.52
12.62’
11.62
10 c 45
9.22
.7.94 ‘
6.130
5.16
3.62 ‘
2.04

. ..,- . . .

1.42 .
.84
.58 “. ‘
.18 .
.10 ‘
.00 : .
.06
.14

I.20 : .
.26 “
.34 . .
.40
● 49
.49,,.
.49
.48 -
.48
.48. .
.44
.36
.24
.14

I

3.61
6.74
7.98
9.87

11.32
12 ;40
13.83 .
X4*77
,..

15.:36
,...

14.8& “::

13..48’

11.59 ‘

9,16’
.,

6,58

3.62
1.99

.37

lower ,

3.61 . .
1.35’

.81

.36

.18

.13

.00

.08

.22 :

.38 ‘:
,-,

,.54 ~

.54

● 54

● 50

.27

.16

.00
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Distance
from
leading
edge

5’

30
3!5
40
45
50
55 ~
60
65
70 .
?5
80
85
90 ‘..
95

100

TABLE-”l.Ordinates of Airfoil Sections (Cont.)
(All-.dimensioim given in per cent of chord)...

,.
: ,. G~ttingen 387-G

measured .

6.38 1.54
7.68 1.08
9.54 .56

10.90. .28
11.98 .12
13.46 .00
14.44 *02
14.96 .30
15,10 . ?0
15.00 .$0
14.66 .38
14.14 .42
13.42 .46
12.50 .48
11.44 .48
10.26 .48

8.98. ~~ .46
7.62 .40
6.20. .34
4.74 .26
3.28 .18
1.78 .08

speeified

3.20
6.25
7.65
9.50

iO.85
11.95
13 ● 40

“.14/40

.15.05

‘14.60

. 13.35

11.35

8.90.,

3.20
1.5Q
1.(J5

.56

.25.’

.10

.00

.00

.20

.40

.45

● 50

● 45

6.15 ~ .30

3.25
1.75

.15

G~ttingen 387
..

faired,

“upper

.3.36

9.63

12,15
13.64
14.61
15s16
15.36
15.26
14.90
14.32
13.55
12.62
11.56
10. ~~

9.13
7.80
6.41
4.97
3.49
1.98

,45

.56

“ :12
“.00

.02

.10

.19

.28

.36

.42

.46

:E ‘
.46
.42 e
.37
.31
.24
.16
.08
.00

,
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from
leading
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o
1-1/4
2-1/2
5
7-1/2

10
15
20
25
30
35
40
45
50
55
60
65
70
75
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90
95

100
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TABLE I. O~dinates of Airfoil Sections (Cont.)
(All dimensions given in

K.A.C.Ao 0021

measured
I.pp er
——

3.30
4.60
6.24
7.36
8.14
9.30
9.94

.0025

.0.36

.0.28

.0.Oc
9.6C
9.lC
8.5C
7.84
‘7.12
6.2E
5.4.4
4*5C
3.52
2.4E
1,34

lower

3.04
4.34
6.08
7.28
8.16
9.28
9.90

10.26
10.36
10 ● 30
10.08

9.74
9.26
8.68
7.98
7.20
6.38
5.50
4.54
3.54
2.52
1.46

s~eoi.fied
upper lower

o
i

o
3.32 3.32
4.57 4.57
6.22 6.22
7.35 7.35
8.20 8.20
9.35 9.35
10.O4I10. O4
10.40 I 10.’40
l(-)a~i loo5(j
10.41 10 ● 41
10 ● 16 10.16

9.77 9.77
9.27 9.27
8.68 8.68
7.99 7.99
7.23 7.23
6.41 6.41
5.53 5.53
4.59 4.59
3.59 3.59
2.53 2.53
1.41 1.41

.22 ● 22

,ercent of chord)

N.A.C.A. 100

measured
upper[lower

2.94 3.20
4.26 4.’40
6,02 6. ?.:
7.22 7.32
8.14 8.20
9.30 9.40

10 ● 04 10 ● 02
10.40 10. 3a
10.48 10 ● 46
10 ● 40 10 ● 34
10.16 10.08

9.80 9.72
9.30 9.14
8.78 8.66
8.10 7.98
7.32 7.20
6.44 6.38
5.52 5.48
4.52 4.50
3.48 3.48
2.40 2.38
1.22 1.28

spec~fied ‘
upper

o
3.16
4.52
6.25
7.38
8.24
9.45

10.17

10.50

10.23

9.44

8.21

6.59

4.68

2.52
1.34

.11

-
—.

o
3.16
4.52
6.25
7.38
8.24
9.45

10.17

10.50

10.23

9.44

8.21

6.59

4.68

2.52
1.34

.11
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